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Fig. 1: Variations of (a) the fraction of helium ions and (b)
for a series of discharges. Open triangles and open
and filled squares indicate the discharges with helium gas-
puffing, hydrogen gas-puffing, and hydrogen ice pellets, re-
spectively.
Fig. 2: Comparison between the electron density evaluated
from hydrogen and helium ion densities and
ions can not be smaller than 1/2 even after the fueling gas is
changed from helium to hydrogen.
Figure 2 shows the comparison between the electron den-
sity evaluated from hydrogen and helium ion densities and
for the same discharges as Fig. 1. The agreement is
better for higher density discharges. In order to cross-check
the result, direct measurements of the impurity ion densi-
ties are necessary. The present method is applicable for this
purpose.
§ 30. Determination of Ion Densities for
Hydrogen and Helium
Gata, M., Morita, S.
where ne and n j are the electron and proton density, respec-
tively, n(p) is the population density of the level p, A(p,q)
is the spontaneous transition probability of the p -+ q transi-
tion, and Ro(p) and %(p,q) are called the population coeffi-
cient of the level p and the photon emission rate coefficient
for the p -+ q transition, respectively. The last two depends
on the electron temperature, Te, and ne. Meanwhile, the time
derivative of n j is expressed as
d
dt nj = -aCRnenj ,
where aCR is a function of Te and n e, and called the effective
recombination rate coefficient.
The photon emission rate and the recombination rate have
the same unit m-3s- l , and their ratio K = acR/%(p,q)
stands for the number of recombination events per one pho-
ton emission. We have calculated K taking the Balmer a
line as an example and it has been found that the K weakly
depends on the plasma parameters. This means that the total
number of the recombination events is approximately pro-
portional to the summation of emitted photon over the re-
combination phase irrelevantly to the plasma parameters in
this time period. We have also calculated K concerning the
recombination of fully ionized helium and the n = 6 -+ 4
line and found again the dependences of K on the plasma
parameters are weak.
We have measured these two lines in the recombining
plasma phase of a series of discharges and derived the frac-
tion of helium ions. The result is shown in Fig. lea). The
line-averaged electron density measured with the interfer-
ometer, is shown in Fig. l(b). The fraction of helium
In LHD, since the whole magnetic field for plasma con-
finement is given externally, the charged particles in the
plasma continue to be confined even in the transient state of
plasma like that after the termination of NBI-heating. The
decrease in the electron density at the end of a discharge is
therefore dominated by the atomic recombination processes
rather than the diffusion and convection losses. This implies
a possibility that the abundance of a certain ion just before
the plasma starts to quench is estimated from the evaluation
of the recombination rate with a help of the intensity of an
appropriate emission line.
Here hydrogen is taken as an example. The photon emis-
sion rate of the p -+ q transition in a recombining plasma is
expressed as
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